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DESCRIPTION 



FUEL CELL, OXIDANT DISTRIBUTING PLATE FOR FUEL CELL 



TECHNICAL FIELD 



[0001] The present invention relates to a fuel cell having 



distributing plates, and an oxidant distributing plate for the fuel 
cell. 

BACKGROUND ART 

[0002] In recent years, a fuel cell has been attended because of an 
environment protecting aspect and an energy saving aspect thereof. 
Generally, the fuel cell has a membrane-electrode assembly 
(hereinafter, sometimes called "MEA") , and generates power by 
reaction of an oxygen agent (oxidant) and a fuel. The MEA includes 
an electrolyte membrane of an ion-conducting property, a fuel pole 
disposed at one side of the electrolyte membrane, and an oxidant pole 
disposed at other side of the electrolyte membrane, in a thickness 
direction thereof. Further, the fuel cell has a fuel distributing 
plate which forms a passage for supplying a fuel to the fuel pole, and 
an oxidant distributing plate which forms a passage for supplying 
the oxidant gas to the oxidant pole. Generally, the fuel 
distributing plate and the oxidant distributing plate are made of a 
dense material, not of a porous material, so that the gas may not leak. 

[ 0003] In the above fuel cell, an excessive drying of the 
electrolyte membrane having an ion- conduct ing property 
deteriorates the ion conduct property thereof. For this reason, the 
electrolyte membrane should be prevented from the excessive drying. 

In view of this, in the conventional fuel cell, the oxidant gas or 
the fuel has been positively humidified before it is supplied to the 
fuel cell, by an external humidify apparatus such as a bubbler. 

[0004] Also, in recent years, a solid high polymer type fuel cell in 
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which the fuel distributing plate and the oxidant distributing plate 
are made of a porous material having multiple pores, has been 
developed. In this type fuel cell, a water as a liquid phase is 
penetrated into the respective pores of the oxidant distributing 
plate and the fuel distributing plate, and then is supplied to the 
MEA. The penetrated water in the oxidant distributing plate and 
that in the fuel distributing plate seal the pores of the 
distributing plates to prevent gas leakage through the pores. 

[0005] The Patent Publication No.l discloses a fuel cell which 
includes porous distributing plates each having pores. In this fuel 
cell, both of the oxidant distributing plate and the fuel 
distributing plate are made of the porous material, and respective 
rear surfaces of both distributing plates is provided with a water 
passage. According to this fuel cell, the water in the respective 
water passages of the porous oxidant distributing plate and the 
porous fuel distributing plate can be supplied to the MEA through the 
pores of the both distributing plates. As a result, excessive 
drying of the electrolyte membrane can be restrained. 

[0006] The Patent Publication No. 2 discloses a solid high polymer 
type fuel cell which includes a conductive and hydrophilic fuel 
distributing plate, and a conductive and hydrophobic humid water 
transmitting body. The fuel distributing plate is made of a 
conductive porous material having a hydrophilic property. The 
humid water transmitting body is disposed on a rear surface of the 
fuel distributing plate opposite to the MEA, and is made of a 
conductive porous material having a hydrophobic property. 

[.0007] According to this solid high polymer type fuel cell, the 
water as the liquid phase retained in the humid water transmitting 
body is transmitted toward the MEA through the pores of the fuel 
distributing plate made of the conductive porous material. Thus, 
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excessive drying of the electrolyte membrane can be restrained by 
the water. Here, since the fuel distributing plate has the 
hydrophilic property, the water as the liquid phase effectively 
transmits through the pores to seal them. 

[ 0008] Both of the Patent Publication No. 3 and the Patent 
Publication No . 4 disclose solid high polymer type fuel cells each of 
which includes a porous construction of an air distributing plate 
and a fuel distributing plate. In these fuel cells, a water created 
in an air pole is allowed to pass through the air distributing plate 
in a thickness direction thereof, and is supplied to a water passage 
formed on a rear surface of the air distributing plate. Pressure of 
a fuel gas in a fuel passage of the fuel distributing plate is 
adjusted for allowing the water in the water passage to pass through 
the fuel distributing plate in the thickness direction thereof to 
the fuel passage. Thus, the fuel in the fuel passage is humidified. 
Patent Publication No. 1 Japanese Patent Publication No. 6-338338 
Patent Publication No. 2 Japanese Patent No. 2922132 

(Japanese Patent Publication No. 8-250130 
Patent Publication No . 3 USP No . 5853909 
Patent Publication No . 4 . USP No . 5700595 

DISCLOSURE OF THE INVENTION 
[0009] In the above fuel cells, the oxidant distributing plate does 
not allow the oxidant gas to flow in both of an opposite passage 
opposite to the ME A, and a reaction passage facing to the MEA and 
having a front-rear relation to the opposite passage. Similarly, 
the fuel distributing plate does not allow the fuel gas to flow in 
both of an opposite passage opposite to the MEA, and a reaction 
passage facing to the MEA and having a front-rear relation to the 
opposite passage. 
[0010] The present invention has been made by taking the above 
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circumstances into consideration, and provides a fuel cell and an 
oxidant distributing plate in which an active material in the 
distributing plate flows from the opposite passage to the reaction 
passage having the front-rear relation to the opposite passage. 

[OOll] A fuel cell of the present invention comprises (i) a 
membrane-electrode assembly including an electrolyte membrane 
having an ion-conducting property, an oxidant pole disposed at one 
side of the electrolyte membrane in a thickness direction thereof, 
and a fuel pole disposed at other side of the electrolyte membrane in 
the thickness direction thereof, (ii) an oxidant distributing plate 
disposed facing to the oxidant pole for supplying an oxidant gas to 
the oxidant pole, and (iii) a fuel distributing plate disposed 
facing to the fuel pole for supplying a fuel to the fuel pole. 

[0012] The fuel cell is characterized by that at least one of the 
oxidant distributing plate and the fuel distributing plate is 
provided with (a) an opposite passage formed on an opposite surface 
which is opposite to the membrane-electrode assembly, and (b) a 
reaction passage which is formed on a facing surface which faces to 
the membrane-electrode assembly, which is communicated with the 
opposite passage, and which allows an oxidant gas or a fuel having 
flowed in the opposite passage to flow in the reaction passage. 

[0013] An oxidant distributing plate for a fuel cell of the present 
invention is disposed facing to an oxidant pole of a membrane 
-electrode assembly of a fuel cell for supplying an oxidant gas to 
the oxidant pole. The oxidant distributing plate is characterized 
by (a) an opposite passage which is formed on an opposite surface 
which is opposite to the membrane-electrode assembly and in which 
the oxidant gas flows, and (b) a reaction passage which is formed on a 
facing surface which faces to the membrane-electrode assembly, 
which is communicated with the opposite passage, and which allows 
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the oxidant gas having flowed in the opposite gas to flow in the 
reaction passage. 

[0014] At least one of the oxidant distributing plate and the fuel 
distributing plate of the fuel cell of the present invention, and the 
oxidant distributing plate of the present invention, include (a) an 
opposite passage formed on an opposite surface which is opposite to 
the membrane-electrode assembly, and (b) a reaction passage which is 

formed on a facing surface which faces to the membrane-electrode 
assembly, which is communicated with the opposite passage, and which 
allows an oxidant gas or a fuel having flowed in the opposite passage 
to flow in the reaction passage. 

[0015] Here, the opposite passage is formed on one surface, and the 
reaction passage is formed on other surface having a front-rear 
relation to the opposite passage, of the distributing plate, 
respectively. The oxidant gas or the fuel, after having flowed in 
the opposite passage of the distributing plate, flows in the 
reaction passage thereof. The present invention can provide the 
fuel cell and the oxidant distributing plate which have such 
front-rear relation passage system. 

[0016] According to the present invention, the oxidant gas and/or 
the fuel before a reaction are/is humidified in the opposite passage 
of the distributing plate formed on the opposite surface opposite to 
the MEA, by utilizing the water generated in the fuel cell. Thus, 
"internal self humidifying construction" can be realized. In this 
way, the humidifying apparatus for humidifying the oxidant gas 
and/or the fuel before supplied to the fuel cell, can be simplified 
or excluded. 

[0017] Especially, when the oxidant distributing plate is porous, 
the water created in the oxidant pole during the power generation can 
be effectively used. That is, a water component or a moisture, based 
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on the created water in the oxidant pole, passes through the oxidant 
distributing plate from the reaction passage to the opposite passage 
in the thickness direction thereof, which can humidify the oxidant 
gas flowing in the opposite passage of the oxidant distributing 
plate before the reaction, in the fuel cell. 

[0018] Similarly, when the fuel distributing plate is porous, the 
water created during the power generation can be effectively used. 
That is, a water component or a moisture based on the created water 
passes through, the fuel distributing plate in the thickness 
direction thereof, which can humidify the fuel gas flowing in the 
opposite passage of the fuel distributing plate before the reaction, 
in the fuel cell. 

[0019] According to the present invention, when temperature of the 
oxidant gas or the fuel supplied to the fuel cell is low, the oxidant 
gas or the fuel can be pre-heated when it is flowing in the opposite 
passage in the fuel cell. To the contrary, when temperature of the 
oxidant gas or the fuel supplied to the fuel cell is high, the 
oxidant gas or the fuel can be pre-cooled when it is flowing in the 
opposite passage in the fuel cell. 

BRIEF EXPLANATION OF THE DRAWINGS 

[ 0020] Figure 1 relates to the first embodiment and is a 
cross-sectional view showing a concept of the fuel cell 
schematically; 

[ 0021] Figure 2 relates to the second embodiment and is a 
cross-sectional view showing a concept of the fuel cell 
schematically; 

[ 0022] Figure 3 relates to the third embodiment and is a 
cross-sectional view showing a concept of the fuel cell 
schematically; 

[ 0023] Figure 4 relates to the four embodiment and is a 
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cross-sectional view showing a concept of the fuel cell 
schematically; 

[ 0024] Figure 5 relates to the fifth embodiment and is a 
cross-sectional view showing a concept of the fuel cell 
schematically; 

[0025] Figure 6 relates to the seventh embodiment, and is a 
cross-sectional view showing a concept of the fuel cell 
schematically; 

[0026] Figure 7 relates to the seventh embodiment and shows a 
variation of the pore diameter from an upper end to a lower end in the 
oxidant distributing plate; 

[ 0027] Figure 8 relates to the ninth embodiment and is a 
cross-sectional view showing a concept of the fuel cell 
schematically; 

[0028] Figure 9 relates, to the ninth embodiment and shows a 
variation of the pore diameter from an upstream end to a downstream 
end of the oxidant distributing plate; 

[ 0029] Figure 10 relates to the tenth embodiment and is a 
cross-sectional view showing a concept of the fuel cell 
schematically; 

[0030] Figure 11 relates to the tenth embodiment and shows a 
variation of the pore diameter from an upstream end to a downstream 
end of the oxidant distributing plate; 

[0031] Figure 12 relates to the eleventh embodiment and is a 
cross-sectional view showing a concept of the fuel cell 
schematically; 

[0032] Figures 13(a) to 13(c) show a mode 1 of the oxidant 
distributing plate, in which Figure 13(a) is a plan view of the 
oxidant distributing plate, Figure 13(b) is a cross-sectional view 
of the oxidant distributing plate, and Figure 13(c) is a rear view of 
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the oxidant distributing plate, respectively; 

[0033] Figures 14(A) to 14(c) show a mode 2 of the oxidant 
distributing plate, in which Figure 14(a) is a plan view of the 
oxidant distributing plate, Figure 14(b) is a cross-sectional view 
of the oxidant distributing plate, and Figure 14(c) is a rear view of 
the oxidant distributing plate, respectively; and 

[0034] Figures 15(a) to 15(c) show a mode 3 of the oxidant 
distributing plate, in which Figure 15(a) is a plan view of the 
oxygen agent distributing plate, Figure 15(b) is a cross-sectional 
view of the oxidant distributing plate, and Figure 15(c) is a rear 
view of the oxidant distributing plate, respectively. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0035] In the present invention, at least one of the oxidant 
distributing plate and fuel plate has: an opposite passage formed on 
an opposite surface thereof which is opposite to the membrane 
electrode assembly; and a reaction passage which is formed on a 
facing surface thereof which faces to the membrane electrode 
assembly, which is communicated with the opposite passage, and which 
allows an oxidant gas or a fuel having flowed in the opposite passage 
to flow in the reaction passage. 

[0036] Here, "opposite face" means the one face of the distributing 
plate or the fuel distributing plate opposite to the MEA, while 
"facing face" means the other face of the distributing plate or the 
fuel distributing plate facing to the MEA. The opposite passage and 
the reaction passage have the front-rear relation with respect to 
the distributing plate and are communicated with each other. The 
oxidant gas or the fuel gas, after having flowed in the opposite 
passage, flows in the reaction passage, to be utilized for power 
generation . 

[0037] The oxidant distributing plate can be a mode in which (a) an 
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opposite passage formed on an opposite surface opposite to the MEA 
and connected with a passage inlet of the oxidant gas, and (b) a 
reaction passage formed on a facing surface facing to the MEA and 
communicated with the opposite passage for allowing the oxidant gas 
having flowed in the opposite passage to flow in the reaction passage, 
are provided. As the oxidant gas, an oxygen containing gas such as 
an air can be given. 

[0038] The fuel distributing plate can be a mode in which (a) an 
opposite passage formed on an opposite surface opposite to the MEA 
and connected with a passage inlet of the fuel, and (b) a reaction 
passage formed on a facing surface facing to the MEA and 
communicated with the opposite passage for allowing the fuel having 
flowed in the opposite passage to flow in the reaction passage, are 
provided. As the fuel, a hydrogen containing gas such as a hydrogen 
gas can be given. 

[ 0039] In the present invention, a humidifying element for 
humidifying the oxidant gas or the fuel flowing in the opposite 
passage in the fuel cell can be provided. The oxidant gas or the fuel 
flowing in the opposite passage of at least one of the oxidant 
distributing plate and the fuel distributing plate can be humidified 
in the fuel cell by the humidifying element. Thus, the water 
component of the oxidant gas or the fuel for the power generating 
reaction at a reaction surface can be secured. As a result, the 
electrolyte is prevented from the excessive drying to have 
preferable, ion-conducting property. Thus, the excellent power 
generating quality of the fuel cell can be secured. 

[0040] The above humidifying element humidifies the oxidant gas or 
the fuel within the fuel cell. The humidifying element for the 
oxidant distributing plate can be constructed by making at least 
part of the oxidant distributing plate porous, for example. The 



_ 9 _ 



part can be a downstream area of the reaction passage of the oxidant 
distributing plate. Whole of the oxidant distributing plate can be 
made porous, or an upstream area of the reaction passage of the 
oxidant distributing plate can be densif ied except a downstream area, 
to construct the humidifying element. 

[0041] In the present invention, the humidifying element for the 
fuel distributing plate can be constructed by making at least part of 
the fuel distributing plate porous, for example. The part of the 
fuel distributing plate can be a downstream area of the reaction 
passage. Whole of the fuel distributing plate can be made porous, or 
an upstream area of the reaction passage of the fuel distributing 
plate can be densified except a downstream area, to construct the 
humidifying element. 

[0042] The water created in the fuel cell during the power 
generation reaction can be effectively used. The water component or 
the moisture based on the created water in the oxidant pole during 
the power generation reaction passes through or transmits the 
oxidant distributing plate and/or the fuel distributing plate. 
Thus, the oxidant gas and/or the fuel before the reaction, not having 
been supplied to the reaction surface of the MEA, can be humidified 
in the fuel cell. Such humidifying system can be called "internal 
self humidifying construction". 

[0043] Next, a pore rate of the distributing plates will be 
explained. In the oxidant distributing plate, the pore rate in the 
downstream area can be selected relatively larger than that in the 
upstream area, of the reaction passage. Allowing the water 
component stayed in the downstream area of the reaction passage to 
pass through the oxidant distributing plate in the thickness 
direction thereof, can conveniently humidify the oxidant gas in the 
opposite passage. An active material in the oxidant gas in the 
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opposite passage, having passed through the oxidant distributing 
plate in the thickness direction, can be conveniently supplied into 
the downstream area of the reaction passage. 

[0044] Here, the downstream area of the reaction passage means a 
relatively downstream portion, and generally corresponds to a 
downstream half of the reaction passage. The upstream area of the 
reaction passage means a relatively upstream portion, and generally 
corresponds to an upstream half of the reaction passage. 

[0045] In the fuel distributing plate, the pore rate in the 
downstream area can be selected relatively larger than that in the 
upstream area, of the reaction passage. Allowing the water 
component stayed in the downstream area of the reaction passage to 
pass through the fuel distributing plate in the thickness direction 
thereof, can conveniently humidify the fuel in the opposite passage. 

An active material in the fuel in the opposite passage having passed 

through the fuel distributing plate in the thickness direction, can 
be conveniently supplied into the downstream area of the reaction 
passage . 

[0046] In the present invention, a refrigerant distributing plate 
for the oxidant distributing plate is disposed on a side of the 
oxidant distributing plate opposite to the ME A, for supplying the 
refrigerant to the oxidant distributing plate. In this case, at 
least a part of the refrigerant distributing plate can be made porous 
to construct the humidifying element. Whole of the refrigerant 
distributing plate can be made porous to construct the humidifying 
element. As the refrigerant, a cooling water or a cooling gas can be 
given. 

[0047] In the present invention, as mentioned above, the oxidant 
distributing plate has pores. As a pore diameter which is suitably 
selected, 0.1 to 200 jul m, 0 . 1 to 100 ix m can be selected, for 



- 11 - 



example. 0.1 to 30 /z m, 2 to 15 a m can be selected, or 3 to 4 \± m 
can be selected. As the pore rate of the oxidant distributing plate 
which is suitably selected, 10 to 90 volume % can be selected. 15 to 
60 volume % can be selected, or 20 to 40 volume % can be selected. 
However, the pore diameter and the pore rate are not limited to these 
ranges. 

[0048] Also, the fuel distributing plate has pores. As a pore 
diameter which is suitably selected, 0.1 to 200 ii m, 0 . 1 to 100 \x m, 
0.1 to 100 ix m can be selected. 0.1 to 30 ii m, 2 to 15 ix m can be 
selected, or 3 to 4 jj, m can be selected. As the pore rate of the fuel 
distributing plate which is suitably selected, 10 to 90 volume % can 
be selected. 15 to 60 volume % can be selected, or 20 to 40 volume % 
can be selected. However, the pore diameter and the pore rate are 
not limited to these ranges. 

[0049] In the present invention, the oxidant distributing plate 
and/or the fuel distributing plate each having the pores as 
mentioned above, can have a hydrophilic property or a hydrophobic 
property. When they are hydrophilic, on a facing surface facing to 
the MEA, the pore diameter of the downstream area is selected 
relatively small, and the pore diameter of the upstream area is 
selected relatively large, in. the oxidant gas flowing direction, 
thereby using a capillarity. The pore diameter can be varied 
stepwise or continuously. 

[ 0050] When the oxidant distributing plate and/or the fuel 
distributing plate are/is hydrophobic, at a facing surface facing to 
the MEA, the pore diameter of the downstream area is selected 
relatively large, and the pore diameter of the upstream area is 
selected relatively small in the oxidant gas flowing direction, 
thereby adjusting a vapor pressure. The pore diameter can be varied 
stepwise or continuously. 
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[0051] The pore diameter of the oxidant distributing plate can have 
one of following three forms. In the first form, the pore diameter 
of the reaction passage is constant from the downstream area to the 
upstream area. In the second form, the pore diameter of the reaction 
passage at the downstream area is selected relatively smaller than 
that at the upstream area. In the third form, the pore diameter of 
the reaction passage at the downstream area is selected relatively 
larger than that at the upstream area. 

[0052] The pore diameter of the fuel distributing plate can have one 
of following three forms. In the first form, the pore diameter of 
the reaction passage is constant from the downstream area to the 
upstream area. In the second form, the pore diameter of the reaction 
passage at the downstream area is selected relatively smaller than 
that at the upstream area. In the third form, the pore diameter of 
the reaction passage at the downstream area is selected relatively 
larger than that at the upstream area. 

[0053] The fuel cell of the present invention can be mounted on a 
vehicle, can be set in the predetermined position, or can be portable. 
The fuel cell can be used personally or in business. 

PREFERRED EMBODIMENT 
[0054] In the following, various embodiments embodying the present 
invention will be explained. 

<First Embodiment> 
[0055] A first embodiment of the present invention will be explained 
with reference to a Figure 1. The Figure 1 shows a concept of a solid 
high polymer type fuel cell, and is a cross-sectional view taken 
along in the thickness direction of an electrolyte membrane 11. 

[0056] As shown in Figure 1, a membrane electrolyte assembly (MEA) 1 
of the fuel cell includes an electrolyte membrane 11, a fuel pole 12 
and an oxidant pole 15. The electrolyte membrane 11 is made of a high 
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polymer material having a proton transmission property. The fuel 
pole 12, sometimes called "anode", is provided at one side of the 
electrolyte membrane 11 in the thickness direction thereof, and 
performs an oxidizing reaction. The oxidant pole 15, sometimes 
called "air pole" or "cathode", is provided at other side of the 
electrolyte membrane 11 in the thickness direction thereof, and 
performs a reducing reaction. 

[0057] In addition, a solid high polymer type fuel cell includes a 
fuel distributing plate 4 and an oxidant distributing plate 3. The 
fuel distributing plate 4 is disposed outside the fuel pole 12 of the 
MEA 1 facing thereto, and allows a gaseous fuel (generally a hydrogen 
containing gas such as a hydrogen gas etc.) to flow to the fuel pole 
12. The oxidant distributing plate 3 is disposed outside the 
oxidant pole 15 facing thereto, and allows an oxidant gas (generally 
an oxygen containing gas such as an air etc.) to flow to the oxidant 
pole 15 . 

[0058] Plural numbers of cell constructions shown in Figure 1 are 
stacked in the thickness direction, to form the solid high polymer 
type fuel cell. The MEA 1, the fuel distributing plate 4 and the 
oxidant distributing plate 3, etc. are disposed in the vertical 
(up-down) direction in Figure 1, but they can be disposed in the 
lateral (left-right) direction. 

[0059] In Figure 1, the oxidant pole 15 of the MEA 1 has a first gas 
diffusing layer 16 and a first catalyst layer 17. The first gas 
diffusing layer 16 of a carbon system faces to the oxidant 
distributing plate 3, and has a porous and conductive properties. 
The first catalyst layer 17 containing a catalyst substance as a main 
component faces to the electrolyte membrane 11, and has a porous and 
conductive properties. 

[0060] The fuel pole 12 has a second gas diffusing layer 13 and a 
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second catalyst layer 14. The second gas diffusing layer 13 of a 
carbon system faces to the fuel distributing plate 4, and has a 
porous and conductive properties. The second catalyst layer 14 
containing a catalyst substance as a main component faces to the 
electrolyte membrane 11, and has a porous and conductive properties. 

As the catalyst substance, at least one of a platinum, palladium, 
ruthenium, gold and silver can be illustrated. 

[ 0061] The oxidant distributing plate 3 may be called an 
oxidant/oxidant-distributing plate, or air/air-distributing plate. 

The oxidant distributing plate 3 is made of a porous material 
having pores which can become communication pores to give a 
transmission property in the thickness direction thereof. The 
oxidant distributing plate 3 has the porous and conductive 
properties. Generally, the oxidant distributing plate 3 includes a 
metallic base member made of a carbon system material or a metallic 
material having an anti-corrosion property. 

[0062] As shown in Figure 1, the oxidant distributing plate 3 has a 
first opposite passage 31 and a first reaction passage 32. The first 
opposite passage 31 is formed at an opposite surface of the oxidant 
distributing plate 3 which is opposite to a reaction surface lc of a 
cathode side of the MEA 1. The first reaction passage 32 is formed at 
a facing surface which directly faces to a reaction surface lc of the 
cathode side. The first opposite passage 31 is communicated with a 
first passage inlet 33 forming an inlet of the oxidant gas, and 
faces to a first refrigerant passage 50. The first reaction passage 
32 is communicated with a first passage outlet 34 which forms an 
outlet of the oxidant gas. 

[0063] On account of communication of an end portion 31f of the first 
opposite passage 31 with a start portion 32s of a first reaction 
passage 32, the oxidant gas having flowed in the first opposite 
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passage 31 flows into the first reaction passage 32 via the end 
portion 31f and the start portion 32s. 

[ 0064] In the first embodiment , as shown in Figure 1, for 
humidifying the oxidant gas flowing in the first opposite passage 31 
of the oxidant distributing plate 3 in the fuel cell, a first 
humidifying element Tl is provided. The first humidifying element 
Tl is constructed by making a wall portion of the oxidant 
distributing plate 3 facing to the reaction surface lc of the MEA 1 
porous. For this purpose, multiple pores having the transmitting 
property are formed in the oxidant distributing plate 3, to give the 
oxidant distributing plate 3 a water transmitting property and a gas 
transmitting property, respectively shown by an arrow XI and an 
arrow X2 . A pore diameter and a pore rate of the oxidant 
distributing plate 3 can be suitably selected. For example, 0 . 1 to 
10 ii m as the pore diameter, and 5 to 4 0 volume % as the pore rate, can 
be selected respectively. However, noted that the pore diameter and 
the pore rate are not limited to these ranges. 

[ 0065] The fuel distributing plate 4, sometimes called a 
fuel/fuel-distribution plate, comprises a base member made of a 
conductive material, such as a carbon system material or a. metallic 
material having an anti-corrosion property. The fuel distributing 
plate 4 includes a second opposite passage 41, and a second reaction 
passage 42. The second opposite passage 41 is formed at an opposite 
surface of the fuel distribution plate 4 which is opposite to a 
reaction surface Id at the anode side of the MEA 1. The second 
reaction passage 42 is formed at a facing surface which faces to a 
reaction surface Id of the MEA 1. 

[0066] The second opposite passage 41 is communicated with a second 
passage inlet 43 which forms an inlet of the gaseous fuel, and faces 
to a second refrigerant passage 60. The second reaction passage 42 
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has a second passage outlet 44 which forms an outlet of the gaseous 
fuel. On account of communication of an end portion 41f of the 
second opposite passage 41 with a start portion 42s of the second 
reaction passage 42, the fuel having flowed in the second opposite 
passage 41, flows into the second reaction passage 42 via the end 
portion 41f and the start portion 42s. 

[0067] For humidifying the gaseous fuel flowing in the second 
opposite passage 41 of the fuel distributing plate 4, a second 
humidifying element T2 is provided. The second humidifying element 
T2 is constructed by making a wall portion of the fuel distributing 
plate 4 facing to the reaction surface Id of the MEA 1 porous. For 
this purpose, multiple pores having the transmitting property are 
formed in the fuel distributing plate 4, to give the fuel 
distributing plate 4 a water transmitting property and a gas 
transmitting property, respectively shown by an arrow X3 and an 
arrow X4 . A pore diameter and a pore rate of the fuel distributing 
plate 4 can be suitably selected. For example, 0.1 to 10 ju m as the 
pore diameter, and 5 to 40 volume % as the pore rate, can be selected 
respectively. However, noted that the pore diameter and the pore 
rate are not limited to these ranges. 

[0068] As shown in Figure 1, at a side of the oxidant distributing 
plate 3 which is opposite to the oxidant pole 15 of the MEA 1, a first 
refrigerant distributing plate 5 is disposed. The first 
refrigerant distributing plate 5 has a first refrigerant passage 50 
for allowing a refrigerant (generally water as liquid phase) for 
cooling the solid high polymer type fuel cell to flow. The first 
refrigerant passage 50 is formed at a position which is opposite to 
the first opposite passage 31 of the oxidant distributing plate 3. 
The first refrigerant distributing plate 5 comprises a base member 
made of a porous material having multiple pores which gives a 
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transmission property in the thickness direction, and constitutes 
the first humidifying element Tl together with the porous oxidant 
distributing plate 3. 

[0069] At a side of the fuel distributing plate 4 which is opposite 
to the fuel pole 12 of the MEA 1, a second refrigerant distributing 
plate 6 is disposed. The second refrigerant distributing plate 6 
has a second refrigerant passage 60 for allowing a refrigerant 
(generally water as liquid phase) for cooling the solid high polymer 
type fuel cell to flow. The second refrigerant passage 60 is formed 
at a position which is opposite to the second opposite passage 41 of 
the fuel distributing plate 4. The second refrigerant distributing 
plate 6 comprises a base member made of a porous material having 
multiple pores which give a transmission property in the thickness 
direction, and constitutes the second humidifying element T2 
together with the porous fuel distributing plate 4, 

[0070] When driving the solid high polymer type fuel cell, a gas 
supplying source 90 such as a fan, oxygen pump and compressor, etc. 
disposed outside the fuel cell is driven. The oxidant gas is 
supplied from the first passage inlet 33 to the first opposite 
passage 31 of the oxidant distributing plate 3. In detail, the 
oxidant gas, having flowed to the end portion 31f of the first 
opposite passage 31 of the oxidant distributing plate 3, flows into 
the start portion 32s of the first reaction passage 32. The oxidant 
gas then flows in the first reaction passage 32 and is discharged 
from the first passage outlet 34. In flowing in the first reaction 
passage 32, the oxidant gas flows into the first gas diffusing layer 
16 and the first catalyst layer 17 of the oxidant pole 15 of the MEA 1, 
as shown by an arrow El, to be utilized for the power generating 
reaction . 

[0071] Also, a fuel supplying source 92 such as a fan, pump and 
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compressor , etc. is driven, so that the fuel is supplied from the 
second passage inlet 43 to the second opposite passage 41, of the 
fuel distributing plate 4. In detail, the gaseous fuel having 
flowed to the end portion 41f of the second opposite passage 41, 
flows into the start portion 42s of the second reaction passage 42. 
The fuel then flows in the second reaction passage 42 and is 
discharged from the second passage outlet 44 of the fuel 
distributing plate 4. In flowing the second reaction passage 42, 
the fuel flows into the second gas diffusing layer 13 and second 
catalyst layer 14 of the fuel pole 12, as shown by an arrow E2, to be 
utilized for the power generating reaction. 

[0072] In the power generating reaction, a catalysis of the second 
catalyst layer 14 of the fuel pole 12 create protons (hydrogen ions) 
and electrons (e ~) from the hydrogen contained in the fuel. The 
created protons transmit the electrolyte membrane 11 of the MEA 1 in 
the thickness direction thereof and reach the oxidant pole 15. The 
electrons flowing through an external conductive route perform 
electrical works in a load provided in the external conductive route. 

The electrons then flow to the oxidant pole 15. 

[0073] At the oxidant pole 15, the oxidant gas (generally air) in the 
oxidant pole 15, the protons and the electrons react with each other 
to create the water, by catalysis of the first catalyst layer 17 of 
the oxidant pole 15. As result of the power generating reaction, the 
water is created at the oxidant pole 15 of the MEA 1. The created 
water stays in the first reaction passage 32 of the oxidant 
distributing plate 3. Especially, the water flows downward 
together with the oxidant gas and stays at the downstream area of the 
first reaction passage 32. 

[0074] According to the first embodiment, the porous oxidant 
distributing plate 3 can transmit the stayed water. In detail, the 
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water stayed in the first reaction passage 32 is transmitted through 
the pores of the oxidant distributing plate 3 in the thickness 
direction thereof (shown by an arrow Xl) , by the capillarity. Thus, 
the water is transmitted from the first reaction passage 32 to the 
first opposite passage 31, to humidify the oxidant gas flowing in the 
first opposite passage 31 of the oxidant distributing plate 3. As a 
result, the oxidant gas flowing in the first opposite passage 31 is 
suitably humidified by the transmitted water when the oxidant gas 
reaches the start portion 32s of the first reaction passage 32. 

[0075] The humidified oxidant gas flows in the first reaction 
passage 32 of the oxidant distributing plate 3 from the start portion 
32s, and is consumed for the power generating reaction. Thus, the 
excessive drying of the electrolyte membrane 11 can be restrained, 
resulting in that the power generating quality of the fuel cell can 
be secured properly. According to the first embodiment, the water 
created in the fuel cell during the power generating reaction is 
effectively used to humidify the oxidant gas, before the oxidant gas 
is supplied to the reaction surface lc at the cathode side of the MEA 
1. Thus, the fuel cell can realize the "internal self humidifying 
construction" . 

[ 0076] Therefore, according to the first embodiment, the 
humidifying operation for the oxidant gas to be performed before the 
oxidant gas is supplied to the first passage inlet 33 of the oxidant 
distributing plate 3, can be simplified or excluded. Resultantly, 
the external humidifying apparatus for humidifying the oxidant gas 
outside the fuel cell before the oxidant gas is supplied to the first 
passage inlet 33, can be simplified or excluded, similarly. 

[0077] Especially, the water created during the power generating 
reaction, is apt to gather at the downstream area of the first 
reaction passage 32 of the oxidant distributing plate 3 by an 
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influence of the flowing oxidant gas etc. Such gather may cause a 
flooding phenomenon of the water at the downstream area. When the 
flooding phenomenon occurs, the water closes the gas passage to 
restrict the gas supply to the MEA 1. 

[0078] Making at least the downstream area of the first reaction 
passage 32 of the oxidant distributing plate 3 porous contributes to 
transmit the water, which may excessively stay at the downstream 
area of the flowing oxidant gas. In detail, such water is 
transmitted through the pores of the oxidant distributing plate 3 in 
the thickness direction (shown by an arrow Xl) to the first opposite 
passage 31, by the capillarity etc. The downstream area of the first 
reaction passage 32 where the created water is apt to stay can be 
dehumidified, so that the flooding phenomenon at the downstream area 
can be restrained. In this way, variation of the power generating at 
the downstream area in the oxidant gas flowing direction can be 
decreased, which secures the power generating quality of the fuel 
cell properly. 

[0079] According to the first embodiment, as shown in Figure 1, the 
refrigerant distributing plate 5 is constructed porous to have the 
transmission property in the thickness direction thereof. As a 
result, the refrigerant (generally, water) flowing in the first 
refrigerant passage 50 of the refrigerant distributing plate 5 is 
transmitted in the thickness direction thereof (shown by an arrow 
Ml) toward the oxidant distributing plate 3 by the capillarity ect. 
Thus,, the oxidant gas in the first opposite passage 31 of the oxidant 
distributing plate 3 facing to the first refrigerant passage 50, can 
be humidified. 

[0080] That is, in the first embodiment, the oxidant gas in the first 
opposite passage 31 of the oxidant distributing plate 3 can be 
humidified doubly by two kinds of fluids. One fluid is the 
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refrigerant flowing in the first refrigerant passage 50 of the first 
refrigerant distributing plate 5. Other fluid is the water created 
during the power generation and stays in the first reaction passage 
32 of the oxidant distributing plate 3. In this way, the gas 
humidifying ability can be heightened. 

[008l] By adjusting a pressure of the refrigerant (water) flowing in 
the first refrigerant passage 50, an amount of the water flowing in 
the direction shown by an arrow Ml from the first refrigerant passage 
50 to the first opposite passage 31 of the oxidant distributing plate 
3 can be adjusted. Thus, the humidifying amount of the oxidant gas 
in the first opposite passage 31 by the refrigerant can be adjusted. 

[0082] By the way, as the oxidant gas flows to the downstream of the 
first reaction passage 32 of the oxidant distributing plate 3, 
density of the oxygen which is the active material gradually 
decreases, sine the oxygen is consumed for the power generating 
reaction. Such decrease of the oxygen density may cause variation 
of the power generation. In the first embodiment, the oxidant 
distributing plate 3 having the gas transmitting property in the 
thickness direction thereof, can transmit the oxidant gas flowing in 
the first opposite passage 31. 

[0083] That is, the fresh oxidant gas (before the reaction) of high 
oxygen density in the first opposite passage 31, is transmitted 
through the oxidant distributing plate 3 in the direction (shown by 
the arrow X2) . In this way, the oxygen which is the active material 
is positively supplied from the first opposite passage 31 to the 
first reaction passage 32, of the oxidant distributing plate 3. 

[0084] Generally, a pressure P2 in the first reaction passage 32 
which is the downstream side is lower than a pressure PI (P2<pl) in 
the first opposite passage 31 which is the upstream side, of the 
oxidant distributing plate 3, due to a pressure loss occurred during 
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flowing. Thus, diffusion resulted from both of pressure difference 
of the oxidant between the pressures PI and P2, and oxygen density 
difference of the oxidant gas between the first opposite passage 31 
and the first reaction passage 32, causes transmission of oxygen in 
the oxidant gas. That is, oxygen in the fresh oxidant gas (before 
the reaction) . flowing in the first opposite passage 31 is 
transmitted through the oxidant distributing plate 3 in the 
thickness direction thereof (shown by the arrow X2) , thereby being 
supplied to the first reaction passage 32. 

[0085] Especially, a pressure P2a in the most downstream area of the 
first reaction passage 32 is generally lower than a pressure Pla in 
the most upstream area of the first opposite passage 31, of the 
oxidant distributing plate 3, due to the pressure loss. Therefore, 
transmission of oxygen in the oxidant gas is caused by the diffusion 
resulted from pressure difference and oxygen density difference. 
Oxygen in the fresh oxidant gas flowing in the most upstream area of 
the first opposite passage 31 is transmitted through the oxidant 
distributing plate 3 in the thickness direction thereof (shown by 
the arrow X2) , and is supplied to the most downstream area (area of 
lowest oxygen density) of the first reaction passage 32. 

[0086] In other words, as mentioned above, at the downstream area of 
the first reaction passage 32 of the oxidant distributing plate 3, 
density of oxygen as the active material is lowered due to the power 
generating reaction, which may restrict the power generating 
reaction. Such restriction can be avoided by the oxidant 
distributing plate 3 of the first embodiment. That is, in the 
cross-section of the oxidant distributing plate 3, the downstream 
area (area of low oxygen density) of the first reaction passage 32 is 
positioned as close as possible to the upstream area (area of high 
oxygen density) of the first opposite passage 31. 
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[0087] As a result, the oxidant distributing plate 3 which is porous 
and which has the gas transmitting property, can transmit the fresh 
oxidant gas flowing in the upstream area of the first opposite 
passage 31 in the thickness direction thereof (shown by the arrow X2) . 

The oxidant gas is directly supplied to the downstream area of the 
first reaction passage 32, which is convenient to restrain variation 
of the power generation. The power generating quality of the fuel 
cell can be secured properly in this aspect. 

[0088] In the fuel pole, the same advantages as that in the oxidant 
pole can be obtained. That is, the fuel distributing plate 4 being 
porous has the transmitting property in the thickness direction 
thereof. As a result, the water in the second reaction passage 42 of 
the fuel distributing plate 4 is transmitted in the thickness 
direction (shown by the arrow X3) by the capillarity, thereby being 
transferred from the second reaction passage 42 to the second 
opposite passage 41. Thus, the gaseous fuel flowing in the second 
opposite passage 41 of the fuel distributing plate 4 can be 
humidified, which can decrease the excessive drying of the 
electrolyte membrane 11. 

[0089] There fore, the humidifying operation to be performed before 
the fuel is supplied to the second passage inlet 43 can be simplified 
or excluded. As a result, the external humidifying apparatus for 
humidifying the fuel outside the fuel cell before the fuel is 
supplied to the second passage inlet 43, can be simplified or 
excluded. 

[0090] According to the first embodiment, the second refrigerant 
distributing plate 6 is constructed porous and has the transmission 
property in the thickness direction thereof. The refrigerant 
(generally, water) flowing in the second refrigerant passage 60 of 
the second refrigerant distributing plate 6 is transmitted in the 
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thickness direction thereof (shown by an arrow M2) toward the fuel 
distributing plate 4 by the capillarity. Thus, the fuel in the 
second opposite passage 41 of the fuel distributing plate 4 can be 
humidified by the transmitted water. 

[0091] That is, in the first embodiment, the fuel in the second 
opposite passage 41 of the fuel distributing plate 4 can be 
humidified, by both of the refrigerant flowing in the second 
refrigerant passage 60 of the second refrigerant distributing plate 
6, and the water created during the power generation in the second 
reaction passage 42 of the fuel distributing plate 4 . 

[0092] Adjusting a pressure of the refrigerant flowing in the second 
refrigerant passage 60, can adjust the humidifying amount of the 
gaseous fuel flowing in the second opposite passage 41 of the fuel 
distributing plate 4. 

[0093] As the gaseous fuel flows to the downstream of the second 
reaction passage 42 of the fuel distributing plate 4, density of the 
hydrogen which is the active material gradually decreases, since the 
hydrogen is consumed for the power generating reaction. 

[0094] A pressure P4 in the second reaction passage 42 positioned at 
the downstream side, is lower than a pressure P3 (P4<P3) in the 
second opposite passage 41 positioned at the upstream side, of the 
fuel distributing plate 4, due to a pressure loss. Thus, diffusion 
resulted from pressure difference of the fuel between the pressures 
P3 and P4, and hydrogen density difference of the fuel between the 
second opposite passage 41 and the second reaction passage 42, cause 
transmission of hydrogen in the gaseous fuel. Hydrogen in the 
gaseous fuel flowing in the second opposite passage 41 is 
transmitted through the fuel distributing plate 4 in the thickness 
direction thereof (shown by the arrow X4) , thereby being directly 
supplied to the second reaction passage 42. This is effective to 
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supply the hydrogen as the active material to the second reaction 
passage 42 of the fuel distributing plate 4 . 

[0095] In the downstream area of the second reaction passage 42 of 
the fuel distributing plate 4, density of hydrogen as the active 
material is lowered since the hydrogen is consumed for the power 
generating reaction. For this reason, the power generating 
reaction may be restricted. Such restriction can be avoided by the 
fuel distributing plate 4 of the first embodiment. That is, in the 
cross-section of the fuel distributing plate 4, the downstream area 
(area of low hydrogen density) of the second reaction passage 42 is 
positioned as close as possible to the upstream area (area of high 
hydrogen density) of the second opposite passage 41. 

[0096] As a result, the fuel distributing plate 4 which is porous and 
which has the gas transmitting property can transmit the fresh fuel 
flowing in the upstream area (area of high hydrogen density) of the 
second opposite passage 41 in the thickness direction thereof (shown 
by the arrow X4) . The fuel is directly supplied to the downstream 
area (area of low hydrogen density) of the second reaction passage 42. 

[0097] Also, the first embodiment is constructed so that a main 
flowing direction of the refrigerant in the first refrigerant 
passage 50 is same or is substantially same as a main flowing 
direction of the oxidant gas in the first reaction passage 32 of the 
oxidant distributing plate 3. As a result, the downstream area of 
the flowing refrigerant in the first refrigerant passage 50 
corresponds to the downstream area of the first reaction passage 32 
of the oxidant distributing plate 3. In the first refrigerant 
passage 50, temperature of the downstream refrigerant is higher than 
temperature of the upstream refrigerant, because the flowing 
refrigerant receives heat. 

[0098] For this reason, the above construction may make the 
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temperature in downstream area relatively higher than the 
temperature in upstream area, of the first reaction passage 32 of the 
oxidant distributing plate 3. Thus, large amount of vapor is 
holdable in the downstream area of the first reaction passage 32, 
which is convenient to restrain the flooding of the water in the 
downstream area. 

[0099] Apart from the above construction, the main flowing direction 
of the refrigerant in the first refrigerant passage 50 can be reverse 
or substantially reverse to the main flowing direction of the 
oxidant gas in the first reaction passage 32 of oxidant distributing 
plate 3 . 

[0100] According to the first embodiment, when temperature of the 
oxidant gas supplied to the fuel cell is low, the oxidant gas flowing 
in the first opposite passage 31 of the oxidant distributing plate 3 
may be pre-heated in the fuel cell. To the contrary, when 
temperature of the oxidant gas supplied to the fuel cell is high, the 
oxidant gas flowing in the first opposite passage 31 of the oxidant 
distributing plate 3 may be pre-cooled in the fuel cell. Thus, 
temperature of the oxidant gas supplied to the first reaction 
passage 32 of the oxidant distributing plate 3 can be adjusted 
properly. 

[OlOl] Similarly, when temperature of the fuel gas supplied to the 
fuel cell is low, the fuel gas flowing in the second opposite passage 
41 of the fuel distributing plate 4 may be pre-heated in the fuel cell. 

To the contrary, when temperature of the fuel gas supplied to the 
fuel cell is high, the fuel gas flowing in the second opposite 
passage 41 of the fuel distributing plate 4 may be pre-cooled in the 
fuel cell. Thus, temperature of the fuel gas supplied to the second 
reaction passage 42 of the fuel distributing plate 4 can be adjusted 
properly. 
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[0102] In the above first embodiment, the fuel distributing plate 4, 
the first refrigerant distributing plate 5, and the second 
refrigerant distributing plate 6 are made porous. However, they can 
be made by the dense. material . Noted that the oxidant distributing 
plate 3 should be made by the porous material. 

(Second Embodiment> 

[0103] As second embodiment of the present invention is shown in a 
Figure 2. The second embodiment has a construction basically same 
as that of the first embodiment, and performs the operation and gives 
the advantage basically same as that of the first embodiment. An 
oxidant distributing plate 3B has a first opposite passage 31 and a 
first reaction passage 32. The first opposite passage 31 is formed 
on an opposite surface of the oxidant distributing plate 3B which is 
opposite to an reaction surface lc at side of a cathode of a MEA 1. 
The first reaction passage 32 is formed on a facing surface which 
faces to the reaction surface lc of the MEA 1. 

[0104] The oxidant distributing plate 3B constructing a first 
humidifying element Tl is made porous and has a transmitting 
property in the thickness direction thereof. A water created during 
a power generating reaction and stayed in the first reaction passage 
32 of the oxidant distributing plate 3B is transmitted in the 
thickness direction thereof (shown by an arrow Xl) . That is, the 
water is transmitted by a capillarity etc. of the pores of the 
oxidant distributing plate 3B, is transferred to the first opposite 
passage 31, to humidify the oxidant gas flowing in the first opposite 
passage 31 . 

[0105] As a result, oxidant gas flowing in the first opposite 
passage 31 is suitably humidified when it reaches a start portion 32s 
of the first reaction passage 32. Thus, according to the first 
embodiment so-called "internal self humidifying construction" in 
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which the oxidant gas is humidified by the water created during the 
power generating reaction can be realized. 

[0106] In the second embodiment, as shown in Figure 2, a fuel 
distributing plate 4B constructing a second humidifying element T2 
is made porous to have a transmitting property in the thickness 
direction thereof. As a result, a water in the second reaction 
passage 42 of the fuel distributing plate 4B is transmitted in the 
thickness direction thereof (shown by an arrow X3) . The water is 
transmitted by a capillarity of the pores of the fuel distributing 
plate 4B, and is transferred to the second opposite passage 41. Thus, 
the gaseous fuel flowing in the second opposite passage 41 is 
suitably humidified. 

[0107] According to the second embodiment, as shown in Figure 2, 
both of a first refrigerant distributing plate 5B and a second 
refrigerant distributing plate 6B are constructed not by a porous 
material but by a dense material. Therefore, the solid high polymer 
type fuel cell can be cooled by the refrigerant (generally, water) 
flowing in the first refrigerant passage 50 of the refrigerant 
distributing plate 5B, and by the refrigerant (generally, water) 
flowing in the second refrigerant passage 60 of the refrigerant 
distributing plate 6B. Noted that the fuel distributing plate 4B 
constructed by the porous material in the second embodiment, can be 
constructed by the dense material. However, the oxidant 
distributing plate 3B should be porous. 

<Third Embodiment> 

[0108] A third embodiment of the present invention is shown in 
Figure 3. The third embodiment has a construction basically same as 
that of the first embodiment, and performs the operation and gives 
the advantage basically same as that of the first embodiment. 

[0109] Also in the third embodiment, an oxidant distributing plate 
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3C constructing the first humidifying element is made of a porous 
material, and has a first opposite passage 31 and a first reaction 
passage 32. The first opposite passage 31 is formed on an opposite 
surface of the oxidant distributing plate 3C which is opposite to an 
reaction surface 1c at side of a cathode of a MEA 1. The first 
reaction passage 32 is formed on a facing surface which faces to the 
reaction' surface lc of the MEA 1 . 

[OHO] As shown in Figure 3, a fuel distributing plate 4C is made of a 
dense material, and has a second opposite passage 41 and a second 
reaction passage 42, The second opposite passage 41 is formed on an 
opposite surface of the fuel distributing plate 4C opposite to a 
reaction surface Id at side of an anode of a MEA 1. The second 
reaction passage 42 is formed on an opposing surface opposing to the 
reaction surface Id of the MEA 1. 

[Olll] According to the third embodiment, so-called "internal self 
humidifying construction" in which the oxidant gas is humidified by 
a water created during the power generating reaction can be realized. 

Noted that all of the fuel distributing plate 4C, the first 
refrigerant distributing plate 5C and the second refrigerant 
distributing plate 6C are made by the dense material in the third 
embodiment, but they can be made porous. 

<Fourth Embodiment> 
[0112] A fourth embodiment of the present invention is shown in 
Figure 4. The fourth embodiment has a construction basically same 
as that of the first embodiment, and performs the operation and gives 
the advantage basically same as that of the first embodiment. An 
oxidant distributing plate 3D constructing the first humidifying 
element Tl has a first opposite passage 31 and a first reaction 
passage 32. The first opposite passage 31 is formed on an opposite 
surface of the oxidant distributing plate 3D which is opposite to an 
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reaction surface lc at side of a cathode of a MEA 1. The first 
reaction passage 32 is formed on a facing surface which faces to the 
reaction surface lc of the MEA 1. 

[0113] The oxidant distributing plate 3D is made porous to have a 
transmission property in a thickness direction thereof. As a result , 

similar to the above first' embodiment , a water created in the first 
reaction passage 32 of the oxidant distributing plate 3D is 
transmitted in the thickness direction thereof (shown by an arrow 
Xl) . The water is transmitted to the first opposite passage 31 of 
the oxidant distributing plate 3D by the capillarity etc. Thus, 
the oxidant gas flowing in the first opposite passage 31 of the 
oxidant distributing plate 3D can be humidified before the reaction. 

As a result, excessive drying of the electrolyte membrane 11 can be 
restrained. 

[0114] According to the fourth embodiment, so-called "internal 
self humidifying construction" in which the oxidant gas before the 
reaction is humidified by the water created in the fuel cell during 
the power generating reaction can be realized. For this reason, the 
humidifying operation for humidifying the oxidant gas before it is 
supplied to a first passage inlet 33 of a solid high polymer type fuel 
cell, can be simplified or excluded. 

[0115] Also, in the fourth embodiment, the fuel distributing plate 
4D constructing the second humidifying element T2 is made porous to 
have a transmitting property in the thickness direction thereof. A 
water stayed in the second reaction passage 42 of the fuel 
distributing plate 4D is transmitted in the thickness direction 
(shown by an arrow X3) , to be transferred to the second opposite 
passage 41. The gaseous fuel flowing in the second opposite passage 
41 of the fuel distributing plate 4D can be humidified by the 
transferred water before the reaction. 
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[0116] Noted that as shown in Figure 4, a first refrigerant 
distributing plate or a second refrigerant distributing plate is 
not disposed. Also, the fuel distributing plate 4D which is made of 

porous material in the fourth embodiment can be made of the dense 
material . 

<Fifth Embodiment> 

[0117] A fifth embodiment of the present invention is shown in 
Figure 5. The fifth embodiment has a construction basically same as 
that of the first embodiment, and performs the operation and gives 
the advantage basically same as that of the first embodiment. As 
shown in Figure 5, an oxidant distributing plate 3E has a first 
opposite passage 31 and a first reaction passage 32. The first 
opposite passage 31 is formed on an opposite surface of the oxidant 
distributing plate 3E which is opposite to an reaction surface 1c of 
a MEA 1. The first reaction passage 32 is formed on a facing surface 
which faces to the reaction surface lc of the MEA 1. Noted that the 
oxidant distributing plate 3E is made not of a porous material, but 
of a dense material. 

[0118] A first refrigerant distributing plate 5E is made porous and 
has a transmission property in the thickness direction thereof to 
construct a first humidifying element. As a result, a refrigerant 
(generally, water) flowing in the first refrigerant passage 50 of 
the first refrigerant distributing plate 5E is transmitted in a 
thickness direction thereof (shown by an arrow Ml) . Thus, the 
oxidant gas flowing in the first opposite passage 31 of the oxidant 
distributing plate 3E is humidified by the refrigerant in the cell. 

[0119] As a result, a humidifying operation and an external 
humidifying apparatus for humidifying the oxidant gas outside the 
fuel cell before it is supplied to the first passage inlet 33 can be 
simplified or excluded. By adjusting pressure of the refrigerant 
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flowing in the first refrigerant passage 50, a transmitting degree 
of the refrigerant in the first refrigerant passage 50 in the 
thickness direction (shown by the arrow Ml) can be adjusted. Thus, 
the humidified amount of the oxidant gas by the refrigerant can be 
adjusted. 

[0120] A fuel distributing plate 4E has a second opposite passage 41 
and a second reaction passage 42. The second opposite passage 41 is 
formed on an opposite surface of the fuel distributing plate 4E which 
is opposite to an reaction surface Id at side of an anode of a MEA 1. 
The second reaction passage 42 is formed on a facing surface which 
faces to the reaction surface Id of the MEA 1. The fuel distributing 
plate 4E is made not of a porous material, but of a dense material. 

[0121] A second refrigerant distributing plate 6E is made porous and 
has a transmission property in the thickness direction thereof to 
construct a second humidifying element. As a result, a refrigerant 
(generally, water) flowing in the second refrigerant passage 60 of 
the second refrigerant distributing plate 6E is transmitted in a 
thickness direction thereof (shown by an arrow M2) . Thus, gaseous 
fuel flowing in the second opposite passage 41 of the fuel 
distributing plate 4E is humidified. 

<Sixth Embodiment> 

[0122] Next, a sixth embodiment of the present invention will be 
explained with reference to the above Figure 1. The sixth 
embodiment has a construction basically same as that of the first 
embodiment, and performs the operation and gives the advantage 
basically same as that of the first embodiment. 

[0123] In the sixth embodiment, an oxidant distributing plate 3F 
constructing a first humidifying element is comprised of a base 
member made of a porous material having a hydrophilic property. As a 
result, a water as a liquid phase stayed in a first reaction passage 
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32 of the oxidant distributing plate 3F is transmitted in a thickness 
direction (as shown by an arrow Xl) by a capillarity etc. That is, 
the transmitted water is transferred to a first opposite passage 31 
of the oxidant distributing plate 3F, to effectively humidify the 
oxidant gas flowing in the first opposite passage 31. Here, the 
hydrophilic property of the oxidant distributing plate 3F is given 
by selecting a hydrophilic material, or by putting the oxidant 
distributing plate 3F under a hydrophilic treatment. 

[ 0124] A fuel distributing plate 4F constructing a second 
humidifying element is comprised of a base member made of a porous 
material having a hydrophilic property. As a result, a water 
component created in the second reaction passage 42 of the fuel 
distributing plate 4F is transmitted in a thickness direction (as 
shown by an arrow X3) as a water of a liquid phase by a capillarity 
etc. That is, the transmitted water is transferred to the second 
opposite passage 41 of the fuel distributing plate 4F, to 
effectively humidify the fuel gas flowing in the second opposite 
passage 41. Here, the hydrophilic property of the fuel distributing 
plate 4F is given by selecting a hydrophilic material, or by putting 
the fuel distributing plate 4F under a hydrophilic treatment. 

[0125] When the oxidant distributing plate 3F and/or the fuel 
distributing plate 4F have/has the hydrophilic property, a pore 
diameter thereof can be made substantially constant. On the facing 
surface of the hydrophilic oxidant distributing plate 3F facing to 
the MEA 1, the pore diameter of the first reaction passage 32 may 
gradually decrease from an upstream toward a downstream. The pore 
can have diameter ranging from 0.1 to 10 /z m, for example. Small 
diameter can make a capillary pressure large, which is convenient 
for allowing the water to transmit the oxidant distributing plate 3F 
in the thickness direction thereof. 
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[0126] On the facing surface of the hydrophilic oxidant distribution 
plate 3F facing to the MEA 1, a pore rate of the first reaction 
passage 32 may gradually increase toward the downstream. The pore 
rate can range for example from 5 to 40 % for example. 

[0127] Such pore diameter and pore rate are convenient to heighten, 
in the downstream area of the first reaction passage 32, a water 
transmitting property shown by an arrow XI, and a gas transmitting 
property shown by an arrow X2 . Here, the pore diameter and the pore 
rate of the fuel distribution plate 4F can be selected in the same 
manner as the oxidant distributing plate 3F. 

(Seventh Embodiment) 

[0128] Next, a seventh embodiment of the present invention is shown 
in Figures 6 and 7. The seventh embodiment has a construction 
basically same as that of the first embodiment, and performs the 
operation and gives the advantage basically same as that of the first 
embodiment . 

[0129] In the seventh embodiment, an oxidant distributing plate 3G 
constructing a first humidifying element is made of a porous 
material having a hydrophilic property to have a transmitting 
property in the thickness direction thereof. On a facing surface of 
the oxidant distributing plate 3G facing to a MEA 1, a pore diameter 
of a first reaction passage 32 is selected relatively small at a 
downstream, and relatively large at an upstream.. 

[0130] Here, as shown by a property line Sll in Figure 7, the pore 
diameter of the first reaction passage 32 varies continuously to 
decrease from the upstream to the downstream. Alternately, as shown 
by property lines S12 and S13, the pore diameter of the first 
reaction passage 32 can vary stepwise to decrease from the upstream 
to the downstream. A pore rate can range from 5 to 40 %, for example. 

[0131] Small diameter of the pores can make the capillary pressure 
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large, which is convenient for allowing the water to transmit to an 
inner portion in the thickness direction of the oxidant distributing 
plate 3G. For this reason, in the first reaction passage 32 of the 
oxidant distributing plate 3G, the capillary pressure of the pores 
is relatively higher at the downstream area where the pore diameter 
is relatively small, than at the upstream area where the pore 
diameter is relative large. 

[0132] On the facing surface of the hydrophilic oxidant distribution 
plate 3G facing to the MEA 1, the pore rate of the first reaction 
passage 32 may gradually increase toward the downstream, as shown by 
a property line S14 in Figure 7. The pore rate can range from 5 to 40 
%, for example. 

[0133] The present embodiment is convenient to heighten, at the 
downstream area of the first reaction passage 32, a water 
transmitting property shown by an arrow XI, and a gas transmitting 
property shown by an arrow X2 . 

[0134] In the present embodiment, a created water stayed at the 
downstream area in the first reaction passage 32 of the oxidant 
distributing plate 3G, is transmitted in the thickness direction 
thereof (shown by an arrow Xl) , to be transferred to the first 
opposite passage 31. Thus, a dehumidif ying function at the 
downstream area of the oxidant distributing plate 3G can be secured, 
which results in that a flooding phenomenon at the downstream area of 
the oxidant distributing plate 3G is restrained. 

[0135] Also, a fuel distributing plate 4G constructing a second 
humidifying element has a hydrophilic property. On a facing surface 
facing to the MEA 1, a pore diameter of a first reaction passage 42 is 
selected relatively small at a downstream, and relatively large at 
an upstream. 

[0136] Here, as shown by a property line Sll in Figure 7, the pore 
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diameter of the second reaction passage 42 varies continuously to 
decrease from the upstream toward the downstream. Alternately, as 
shown by property lines S12 and S13 is Figure 7, the pore diameter of 
the second reaction passage 42 can vary stepwise to decrease from the 
upstream to the downstream. 

[0137] For this reason, the capillary pressure of the pores in the 
second reaction passage 42 of the fuel distributing plate 4G is 
selected relatively large at the downstream area where the pore 
diameter is small. As a result, the water stayed in the downstream 
area of the second reaction passage 42 is transmitted through the 
fuel distributing plate 4G in the thickness direction thereof (as 
shown by the arrow X3) to the second opposite passage 41. 

[0138] A pore rate of the fuel distributing plate 4G facing to the 
MEA 1 is varied as follows. As shown by the property line 14 in 
Figure 7, the pore rate of the second reaction passage 42 gradually 
increases from the upstream toward the downstream. Here, the pore 
rate can range from 0.1 to 10 ju m, for example. 

(Eighth Embodiment) 
[0139] Next, an eighth embodiment of the present invention will be 
explained with reference to the above Figure 1. The eighth 
embodiment has a construction basically same as that of the first 
embodiment, and performs the operation and gives the advantage 
basically same as that of the first embodiment. 

[0140] As shown in Figure 1, an oxidant distributing plate 3H 
constructing a first humidifying element is comprised of a base 
member made of a porous material having a hydrophobic (water 
repellent) property, and has a transmitting property in the 
thickness direction thereof. A water component (vapor) stayed in a 
first reaction passage 32 of the oxidant distributing plate 3H is 
diffused in the thickness direction thereof, to be transferred to a 
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first opposite passage 31 of the oxidant distributing plate 3H. 

[0141] Thus, the oxidant gas flowing in the. first opposite passage 
31 of the oxidant distributing plate 3H is conveniently humidified 
by the vapor. Here, the hydrophobic property of the oxidant 
distributing plate 3H is given by selecting hydrophobic material, or 
by putting the oxidant distributing plate 3H under a hydrophobic 
treatment . 

[ 0142] A fuel distributing plate 4H constructing a second 
humidifying element is comprised of a base member made of a porous 
.material having a hydrophobic (water repellent) property. A water 
component (vapor) created in a second reaction passage 42 of the fuel 
distributing plate 4H is diffused through the pores in the thickness 
direction thereof (shown by the arrow X3) to be transferred to a 
second opposite passage 41 of the fuel distributing plate 4H. Thus, 
the gaseous fuel flowing in the second opposite passage 41 of the 
fuel distributing plate. 4H is conveniently humidified by the vapor. 

Here, the hydrophobic property of the fuel distributing plate 4H 
is given by selecting hydrophobic material, or by putting the fuel 
distributing plate 4H under a hydrophobic treatment. 

[0143] When the oxidant distributing plate 3H and the fuel 
distributing plate 4H have the hydrophobic property, the pore 
diameter can be selected substantially constant. 

[0144] However, the respective pore diameters of the hydrophobic 
oxidant distributing plate 3H and the hydrophobic fuel distributing 
plate 4H, can increase toward the downstream of the first reaction 
passage 32, on the facing surface facing to the MEA 1. Also, the pore 
rate of the hydrophobic oxidant distributing plate 3H and the 
hydrophobic fuel distributing plate 4H can increase toward the 
downstream of the first reaction passage 32. Here, the pore 
diameter can range from 0.1 to 10 jll m, for example, and the pore rate 
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can range from 5 to 40 %, for example. 

(Ninth Embodiment) 

[0145] A ninth embodiment of the present invention is shown in 
Figures 8 and 9. The ninth embodiment has a construction basically 
same as that of the first embodiment, and performs the operation and 
gives the advantage basically same as that of the first embodiment. 

[014 6] In the present embodiment, an oxidant distributing plate 3K 
constructing a first humidifying element is comprised of a base 
member made of a porous material having a hydrophobic property. On 
a facing surface facing to a MEA 1, a pore diameter of a first 
reaction passage 32 of the oxidant distributing plate 3K is selected 
relatively large at a downstream, and relatively small at an 
upstream, respectively. 

[0147] Here, as shown by a property line S21 in Figure 9, the pore 
diameter of the first reaction passage 32 varies continuously to 
increase from the upstream to the downstream. Alternately, as shown 
by property lines S22 and S23 in Figure 9, the pore diameter of the 
first reaction passage 32 can vary stepwise to increase from the 
upstream to the downstream. The pore diameter can range from 0 . 1 to 
10 jll m. 

[0148] On the facing surface of the hydrophobic oxidant distribution 
plate 3K facing to the MEA 1, a pore rate of the first reaction 
passage 32 can gradually increase toward the downstream, as shown by 
a property line S24 in Figure 9. The present embodiment is 
convenient to heighten, in the downstream area of the first reaction 
passage 32, a water transmitting property shown by an arrow XI, and a 
gas transmitting property shown by an arrow X2 . The pore rate can 
range for example from 5 to 40 I. 

[0149] As apparent from a Kelvin's equation described as the 
following equation 1, in the hydrophobic distributing plate, when 
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the pore diameter is large, the vapor pressure can be made small. 
As a result, the vapor easily condenses to become the. water as the 
liquid phase. The oxidant distributing plate 3K is convenient to 
transfer the water as the liquid phase in the thickness, direction 
(shown by the arrow Xl) to the first opposite passage 31. 
Accordingly, the created water of the liquid phase stayed at the 
downstream area of the first reaction passage 32 of the oxidant 
distributing plate 3K is transmitted in the thickness direction 
(shown by the arrow Xl) , to be conveniently transferred to the first 
opposite passage 31. Thus, the flooding phenomenon at the 
downstream area of the oxidant distributing plate 3K is conveniently 
restrained. Here, a compulsory cooling by a first refrigerant 
distributing plate 5 and a second refrigerant distributing plate 6 
contributes the vapor condensing. 

[0150] The Kelvin's equation is basically used to determine the 
vapor partial pressure in the pore. Here, P is a balance pressure 
of the liquid in the pore, Po is a saturated vapor pressure of liquid 
in the predetermined temperature, a is a surface tension of the 
liquid, M is a molecule mol mass of the liquid, 6 is a contact angle 
of the liquid, p is a density of the liquid, R is a gas constant, and 
T is an absolute temperature. Generally, 0 to 90 degrees of the 
contact angle 6 corresponds to the hydrophilic property, while 90 
to 180 degrees corresponds to the hydrophobic property, 
equation 1 : P=Po • exp[-{(2 o Mcos 6 / (r p RT) } ] 

[0151] According to the Kelvin's equation, when an inner wall 
surface of the pore is hydrophobic, value of the contact angle 0 
ranges from 90 to 180 degrees. As a result, cos 6 has a negative 
value (cos 9 <0) and the balance vapor pressure P becomes larger than 
the saturated vapor pressure Po (P>Po) . Also, according to the 
Kelvin's equation, when an inner wall surface of the pore is 
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hydrophobic, as the pore diameter r becomes larger, the vapor 
partial pressure P of the pores becomes smaller. As the pore 
diameter r becomes smaller, the vapor partial pressure P of the pores 
becomes larger. 

[0152] Also, as shown in Figure 8, a fuel distributing plate 4K 
constructing a second humidifying element is made of a porous 
material having a hydrophobic property. On a facing surface facing 
to the MEA 1, a pore diameter of the second reaction passage 42 can be 
selected relatively large at a downstream, and relatively small at 
an upstream. 

[0153] Here, as shown by a property line S21 in Figure 9, the pore 
diameter of the second reaction passage 42 varies continuously to 
increase from the upstream to the downstream. Alternately, as shown 
by property lines S22 and S23 in Figure 9, the pore diameter of the 
second reaction passage 42 can vary stepwise to increase from the 
upstream to the downstream. 

[0154] As a result, the water as the liquid phase stayed at the 
downstream area of the second .reaction passage 42 of the fuel 
distributing plate 4K is transmitted in the thickness direction 
(shown by the arrow X3) , to be transferred to the second opposite 
passage 41. Thus, the flooding phenomenon at the downstream area of 
the fuel distributing plate 4K can be restricted. 

[0155] Here, noted that the oxidant distributing plate 3 and the 
fuel distributing plate 4 of the above mentioned second, third and 
fourth embodiment can have the hydrophobic property on occasion. 

(Tenth Embodiment) 

[0156] A tenth embodiment of the present invention is shown in 
Figures 10 and 11. The tenth embodiment has a construction 
basically same as that of the ninth embodiment shown in Figure 8, and 
performs the operation and gives the advantage basically same as 
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that of the ninth embodiment, 

[0157] Both of an oxidant distributing plate 3R constructing a first 
humidifying element, and a fuel distributing plate 4R constructing a 
second humidifying element, are made of a porous base member having a 
hydrophobic (water repellent) property. 

[0158] In the present embodiment, small-large relation of the pores 
is reversed to that of the ninth embodiment shown in Figure 8. That 
is, as shown by property lines Sll 1 , S12 1 and S13', on a facing 
surface of the oxidant distributing plate 3R facing to the MEA 1, a 
pore diameter of the first reaction passage 32 is selected 
relatively small at the downstream area, and relatively large at the 
upstream area, respectively. 

[0159] According to the above Kelvin's equation, the vapor partial 
pressure in the pores becomes larger when the pore diameter is small. 

Thus, the oxidant gas in the first opposite passage 31 of the 
oxidant distributing plate 3R can be humidified by diffused vapor. 
That is, the created water in the first reaction passage 32 vaporizes 
to diffuse as the vapor, resulting in humidifying the oxidant gas in 
the first opposite passage 31. The fuel in the fuel distributing 
plate 4R is humidified in the same manner. 

(Eleventh Embodiment) 

[0160] An eleventh embodiment of the present invention is shown in a 
Figure 12. The eleventh embodiment has a construction basically 
same as that of the first embodiment, and performs the operation and 
gives the advantage basically same as that of the first embodiment. 
In an oxidant distributing plate 3P, a downstream area of a first 
reaction passage 32 is made porous, but an upstream area of the first 
reaction passage 32 is made dense. The dense property is convenient 
to increase strength, conductivity and a current collecting 
property of the densified portion. A fuel distributing plate 4P can 
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be constructed in the same manner as the oxidant distributing plate 
3P. 

(Manufacturing Sample) 

[0161] The above mentioned porous oxidant distributing plate 3 and 
the porous fuel distributing plate 4 can be manufactured by a 
following method. A carbon system material, a binder and a 
vanishable pore-forming material are mixed to prepare a mixed 
material. A natural graphite and an artificial graphite etc. are 
included in the carbon system material. A thermosetting resin such 
as a phenol resin is included in the binder. A cellulose system 
organic material is included in the pore-forming material. 

[0162] The mixed material is pressed by a molding surface of a mold 
and formed into a formed body. The formed body is baked in a 
predetermined baking temperature (for example, 500 to 600 t) to 
vanish the pore-forming material. Thus, the oxidant distributing 
plate 3 and the fuel distributing plate 4 each having the multiple 
pores can be formed. 

[0163] Size of the pore-forming material is varied from the upstream 
area to the downstream area, to vary the pore diameter from the 
upstream area to the downstream area. Large-sized pore forming 
material makes the pore diameter large, while small-sized pore 
forming material makes the pore diameter small. As the pore 
diameter, 1 to 100 \x m, 2 to 30 jj, m and 2 to 15 m m can be selected. 
Also, 3 to 4 ix m can be selected. As the pore rate, 10 to 90 % and 15 
to 60 by the volume ratio can be selected. Also, 20 to 40 % by the 
volume ratio can be selected. 

[0164] As the hydrophobic materials which give the hydrophobic 
property to the oxidant distributing plate 3, a fluorine atom, CF2 
group, CF3 group, CH3 group and CH2 group can be given. Concretely, 
a fluorine, f luoroplastic (PTFE, FEP, PFA, PVDF etc .), graphite 



- 43 - 



fluoride, hydrophobic carbon, silane compound and parffin etc. can 
be given. As a reform gas for the hydrophobic treatment, fluoride 
gas, or a gas which contains the fluoride gas and an inert gas 
(nitrogen etc.) as main components, can be given. 

[0165] For the hydrophilic treatment, a solution in which a 
hydrophilic material is dissolved or dispersed in a liquid medium 
(water, alcohol etc.) can be used. Such solution is contacted with 
the oxidant distributing plate 3. As the hydrophilic material, a 
hydrogen peroxide water, powder of silicon dioxide and powder of 
aluminum oxide etc. , can be given. Here, containing large amount of 
hydrophilic functional group such as hydroxy group and carboxyl 
group etc. on a surface thereof can be given. 

[0166] Further, a starch-acrylylic acid copolymer, polyacrylic 
acid and polyvinyl alcohol etc. all of which are absorbent resin, can 
be used. Also, an ion-exchange resin and absorbent polysaccharide 
can be given as the hydrophilic material. The hydrophilic material 
has at least one kind of hydrophilic functional group selected from 
the hydroxy group, carboxyl group, aldehyde group, amino group and 
sulfo group, in a construction thereof. 

(Sample of oxidant distributing plate 3) 

[0167] Next, the above-mentioned oxidant distributing plate 3 of the 
first embodiment is viewed from a humidifying aspect. As the 
oxidant gas before the reaction flows in the first opposite passage 
31, a whole area or substantially whole area of the first opposite 
passage 31 is humidified. When the humidity of an upstream Ul (UP) 
where the first opposite passage 31 has not been sufficiently 
humidified is compared with the humidity of a downstream area Dl 
(DOWN) where the first opposite passage 31 has been sufficiently 
humidified, the humidify of the downstream area Dl is higher than 
that of the upstream area Ul. 
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[0168] In the first reaction passage 32 of the oxidant distributing 
plate 3, it is preferable that the oxidant gas be humidified when it 
reach the upstream area U2 of the first reaction passage 32 via the 
first opposite passage 31. In view of the above circumstances, 
disposing the downstream area Dl of the first opposite passage 31 on 
the opposite surface and the upstream area U2 of the first reaction 
passage 32 on the facing surface, of the oxidant distributing plate 3 
as close as possible is preferable. Such arrangement can heighten 
the humidity at the upstream area U2 of the first reaction passage 32, 

which can secure proper power generation from the start portion of 
the first reaction passage 32. 

[0169] For the above purpose, various forms or modes of the oxidant 
distributing plates 3 shown in Figures 13 to 15 can be adopted. 
Respective oxidant distributing plates 3 shown in Figures 13 to 15 
has side portions 3a, 3b, 3c and 3d. A first opposite passage 31 and 
a first reaction passage 32 are formed on the opposite surface and 
the facing surface of the oxidant distributing plate 3 respectively, 
by the front-rear relation. In each oxidant distributing plate 3, 
guide projections 100 for guiding, the oxidant gas flowing in the 
first opposite passage 31 and the first reaction passage 32, are 
provided. 

[0170] An air inlet manifold 102 for supplying a fresh air into the 
first opposite passage 31 of the oxidant distributing plate 3 is 
provided. An air outlet manifold 106 for discharging the air-off 
gas having flowed in the first reaction passage 32 and having been 
utilized for the power generation, is provided. A fuel inlet 
manifold 108 for supplying a fresh gaseous fuel into the second 
opposite passage 41 is provided. A fuel outlet manifold 112 for 
discharging the fuel-off gas having flowed in the second reaction 
passage 42 and having been utilized for the power generation, is 



- 45 - 



provided. 

[0171] A refrigerant inlet manifold 500 for supplying a refrigerant 
to the first refrigerant passage 50 and a second refrigerant passage 
60 is provided. A refrigerant outlet manifold 501 for discharging 
the refrigerant discharged from the first refrigerant passage 50 and 
the second refrigerant passage 60 is provided. 

[0172] In each of the modes shown in Figures 13 to 15, the downstream 
area Dl of the first opposite passage 31 where the humidif ication has 
progressed, and the upstream area U2 of the first reaction passage 32 
are correlated by the front-rear relation, or substantially by the 
front-rear relation. That is, the downstream area Dl on the 
opposite surface, and the upstream area U2 on the facing surface are 
formed at the corresponding portion of the oxidant distributing 
plate 3. As a result, humidif ication of the oxidant gas before the 
reaction finishes when the oxidant gas reaches the upstream area U2 
of the first reaction passage 32, by way of the first opposite 
passage 31 . 

(Others) 

[0173] Noted that the present invention is by no means limited to 
the above mentioned embodiments. The present invention can be 
carried out by modifying the components without deviating the gist 
thereof. Following technical concepts or features described as the 
provisional claim can be included in the present invention, 
provisional claim 1: A fuel distributing plate to be disposed facing 
to a fuel pole of a membrane-electrode assembly of a fuel cell for 
supplying a fuel to the fuel pole, 
characterized by: 

an opposite passage formed on an opposite surface which is 
opposite to the membrane-electrode assembly; and 

a reaction passage which is formed on a facing surface which 
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faces to the membrane-electrode assembly, which is communicated 
with the opposite surface, and which allows the fuel having flowed in 
the opposite passage to flow in the reaction passage. 

provisional claim 2: A fuel distributing plate according to 
provisional claim 1, wherein . at least a downstream area of the 
reaction passage is made porous. 

provisional claim 3: An oxidant distributing plate, 
characterized by that: 

a downstream area of a first opposite passage of the oxidant 
distributing plate, and an upstream area of a first reaction passage 
of the oxidant distributing plate are formed by a front-rear 
relation of the oxidant distributing plate, 
provisional claim 4 : An fuel distributing plate, 

characterized by that: 

a downstream area of a second opposite passage of the fuel 
distributing plate, and an upstream area of a second reaction 
passage of the fuel distributing plate are formed by a front-rear 
relation of the oxidant distributing plate. 

provisional claim 5: An oxidant distributing plate to be disposed 
facing to an oxidant pole of a membrane-electrode assembly of a fuel 
cell for supplying an oxidant gas to the oxidant pole, 
characterized by: 

an opposite passage which is formed on an opposite surface 
opposite to the membrane-electrode assembly and in which the oxidant 
gas flows ; and 

a reaction passage which is formed on a facing surface which 
faces to the membrane-electrode assembly, which is communicated 
with the opposite passage, and which allows the oxidant gas having 
flowed in the opposite passage to flow in the reaction passage, 

wherein on the facing surface, an average pore diameter is 
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different between an upstream and a downstream, of the flowing 
oxidant gas . 

provisional claim 6: A fuel cell, comprising: 

a membrane-electrode assembly including an electrolyte 
membrane having an ion-conducting property, an oxidant pole 
disposed at one side of the electrolyte-membrane -assembly in a 
thickness direction thereof, and a fuel pole disposed at other side 
of the electrolyte-membrane assembly in the thickness direction 
thereof; 

an oxidant distributing plate disposed facing to the oxidant 
pole for supplying an oxidant gas to the oxidant pole; and 

a fuel distributing plate disposed facing to the fuel pole 
for supplying a fuel to the fuel pole, 

characterized by that: 

at least one of the oxidant distributing plate and the fuel 
distributing plate is provided with (a) an opposite passage formed 
on an opposite surface which is opposite to the membrane-electrode 
assembly, (b) a reaction passage which is formed on a facing surface 
which faces to the membrane-electrode assembly, which is 
communicated with the opposite passage, and which allows an oxidant 
gas or a fuel having flowed in the opposite passage to flow in the 
reaction passage, and (c) a porous portion communicating at least a 
part of the opposite passage with at least a part of the reaction 
passage, 

wherein an active material contained in the oxidant gas or an 
active material contained in a fuel flowing in the opposite passage 
is supplied to the reaction passage through pores of the porous 
portion . 

[0174] In this fuel cell, the active material contained in the fresh 
oxidant gas or the active material contained in the fresh fuel 
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flowing in the opposite passage is transmitted in a thickness 
direction of the oxidant distributing plate, to be supplied to the 
reaction passage through pores of the porous portion . 

provisional claim 7: A fuel cell according to the provisional claim 6, 
wherein the porous portion is provided at least at a downstream area 
of the reaction passage. 

provisional claim 8: An oxidant distributing plate to be disposed 
facing to an oxidant pole of a membrane-electrode assembly of a fuel 
cell for supplying an oxidant to the oxidant pole, 
characterized by: 

(a) an opposite passage formed on an opposite surface which 
is opposite to the membrane-electrode assembly, (b) a reaction 
passage which is formed on a facing surface which faces to the 
membrane-electrode assembly, which is communicated with the 
opposite surface, and which allows the oxidant having flowed in the 
opposite passage to flow in the reaction passage, and (c) a porous 
portion communicating at least a part of the opposite passage with at 
least a part of the reaction passage, 

wherein an active material contained in the oxidant gas 
flowing in the opposite passage is supplied to the reaction passage 
via pores of the porous portion. 

provisional claim 9: A fuel distributing plate to be disposed facing 
to a fuel pole of a membrane-electrode assembly of a fuel cell for 
supplying a fuel to the fuel pole, 
characterized by: 

(a) an opposite passage formed on an opposite surface which 
is opposite to the membrane-electrode assembly, and (b) a reaction 
passage which is formed on a facing surface which faces to the 
membrane-electrode assembly, which is communicated with the 
opposite surface, and which allows the fuel having flowed in the 
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opposite passage to flow in the reaction passage, and (c) a porous 
portion communicating at least a part of the opposite passage with at 
least a part of the reaction passage, 

wherein an active material contained in the fuel flowing in 
the opposite passage is supplied to the reaction passage via pores of 
the porous portion. 

INDUSTRIALLY APPLICABLE FIELD 
[0175] The fuel cell of the present invention can be mounted on a 
vehicle, can be set in the predetermined position, or can be portable. 
The fuel cell can be used personally or in business. 
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